We report on a Chirped Pulse Amplification (CPA)-based Titanium:Sapphire (Ti:Al 2 O 3 or Ti:Sapphire) amplifier that uses a 8-pass configuration, a single-grating stretcher and singlegrating compressor. This amplifier is used to amplify nanojoule and femtosecond Ti:Sapphire laser pulses to yield a 70 µJ pulse energy at 10 Hz repetition rate, which corresponds to an amplification factor of 10000 times. The amplified laser pulses are expected to be nearly transform-limited with a pulse duration of less than 100 fs. Such an amplifier will expand applications of ultrafast modelocked Ti:Sapphire laser oscillator.
I. INTRODUCTION
other two gratings were used in the compressor to reverse precisely the stretching process by in-23 troducing negativegroup-velocity dispersion. Modified designs of the Pessot stretcher-compressor 24 use two or three gratings. Although the basic mechanism of phase modulation remains the same, 25 these new designs greatly simplify the structure of the instrument and reduce the difficulty in align-26 ment. However, a major problem remains in all multiple grating stretcher-compressors. Namely, 27 all of the gratings require precise readjustment when the laser wavelength is changed. These 28 readjustments are extremely inconvenient and time consuming when frequent tuning of the laser 29 wavelength is desirable. In addition, strictly matched grating pairs are required in the stretcher and 30 the compressor for maintaining good beam profiles and obtaining a good pulse-stretching-pulse-31 compressing ratio. In our experiment, we eliminated the above problems by using the single-32 grating confuration for the pulse stretcher and compressor. By doing so, we are able to maintain 33 good beam profiles and a good pulse-stretching-pulse-compressing ratio without having to strictly 34 match grating pairs as is required conventionally. Using the 8-pass Ti:Sapphire crystal amplifier 35 for amplifying nanojoule and femtosecond Ti:Sapphire laser pulses, we are able to obtain 70 µJ 36 pulse energy at 10 Hz repetition rate, corresponding to 10000 times amplification in pulse energy.
37

II. NUMERICAL STUDIES
38
Before experimentally implementing the pulse stretcher and compressor, we performed the-39 oretical simulations to evaluate the effect of the grating density, angle of laser beam on the grating 40 surface, and distance between the middle of the grating and the lens on the group delay dispersion pulse duration of the stretched laser pulse as shown in Eq. (2) [?, ?]:
where γ is the angle of incidence on the first grating and d the grating groove frequency, λ is the 44 central wavelength, c is the speed of light, and L g is the distance from the lens to the grating. In 45 the case of a grating compressor, L = L g whereas for a grating stretcher, L = 2(L g − f ) cos γ.
Here, 46 f is the focal length of the lens. We also investigated the pulse duration of the stretched pulse as shown in Eq. 2' [?, ?] :
where τ 0 is the pulse duration of the seed pulse.
49
To stretch the pulse, positive group velocity dispersion is added to the spectral components with 1x magnification placed between them to invert the sign of the dispersion from the gratings.
54
A second pass is introduced to increase the stretching factor and to avoid the spatial separation of 55 the pulse wavelength components (spatial chirp).
56
III. EXPERIMENT
57
The CPA scheme is shown in Autocorrelator (FR-103XL). As shown in Fig. 3 , the pulse duration measured by the autocorrelator In a conventional pulse stretcher, two gratings are used as shown in Fig. 4 . Based on the results of our numerical calculations, we designed a pulse stretcher using only 76 one grating as shown in Fig. 5 . The conventional pulse stretcher is modified by putting a plane 77 mirror between lenses L 1 and L 2 , causing the beam to reflect back on G 1 and eliminating the 78 second grating, G 2 . This plane mirror is shown as M 8 in Fig. 5 . We also replace the two lenses 79 L 1 and L 2 with a concave mirror to focus the pulses onto G 1 , thereby eliminating lenses L 1 and 80 L 2 altogether. The concave mirror is shown as M 6 in Fig. 5 . The specifications of the optical 81 components used in the stretcher are summarized in Table 1 .
82 Table 1 . Specification of the optical components used in the pulse stretcher.
Name Specification M 5 , M 7
Flat mirror, HR @ 740-840 nm at 0˚incident angle, Ø 1' The amplified pulses are fed to a single-grating compressor to remove the chirp introduced 138 by the stretcher. The schematic diagram of the compressor module is shown in Fig. 8 . Similar
139
to the stretcher module, the compressor also uses a single grating of 1200 lines/mm. The spec-140 ifications of the optical components used in the compressor module are summarized in Table 3 . width before insertion into the amplifier), we estimate that the compressed laser pulse duration can 157 be nearly transform-limited with a pulse duration close to that of the seed pulse. The pulse energy 158 after the compressor was measured to be about 70 µJ.
159 Table 3 . Specification of the optical components used in the compressor module.
Components
Specification M 16 , M 17 , M 18 , M 20 Flat mirror, HR @ 740-840 nm at 45˚incident angle, Ø 1' M 19 Flat mirror, HR @ 740÷840 nm at 0˚incident angle , 40 × 20 × 5 mm D Gr2
Grating 1200 grooves/mm, 60 × 40 × 10 mm VII. SUMMARY 
